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CHAPTER 5
DESI GN CONSI DERATI ONS FOR Al R SPARG NG SYSTEMS
5-1. Introduction. Prior to developing a design strategy, it is inmportant

to understand the processes responsible for removing the hydrocarbons and how
they may be optim zed. As nentioned previously, there are two prinmary
processes: 1) volatilization and 2) biodegradation. The success of an air
spargi ng system depends on the ability of hydrocarbons to transfer fromthe
wat er phase into the air phase, and oxygen (or other gas) fromthe air phase
into the water phase.

5-2. Design Strategy.

a. Gven the conceptual background presented in foregoing chapters, it
is evident that by increasing the rate of transfer across the vapor/liquid
interface, the rate of hydrocarbon renmoval can be enhanced. Therefore, the
strat egy behind designing and | AS/ bi ospargi ng system nust be focused on
maxi m zi ng mass transfer rates across the vapor/liquid interface.

(1) The primary strategic issues that the design team nmust consider
when desi gni ng an | AS/ bi ospargi ng system i ncl ude:

(a) Is it nore feasible or desirable to strip contanmi nants fromthe
groundwat er or to pronote in-situ biodegradation? Should other groundwater
amendments be considered to pronote in-situ biodegradation?

(b) 1s sparging being conducted to effect groundwater geochenica
changes (e.g., for inmobilizing reduced netal s)?

(c) 1s collection of vapors by SVE required?

(d) What subsurface well configuration will be necessary to cost-
effectively deliver air to the zone of interest (e.g., horizontal or vertica
injection wells)?

(e) WII pulsed flow or continuous flow maxin ze mass transfer rates
across the vapor/liquid interface?

(2) The answers to these questions will drive the configuration of both
t he bel ow ground and above- ground conponents of the | AS system The data and
approach that should be used to answer these questions are described
conceptually in Chapters 2 and 3. These data are in turn used as the design
basis for the | AS system

b. Delivery of Air. |In order to optimze the mass transfer rate, it is
i mportant to understand the nechani sns which control channel formation and
propagati on, which were presented in paragraphs 2-5 and 2-6. Air (or another
gas) is injected into a sparge well under pressure. As the air pressure is
i ncreased, standing water within the well is displaced. |In order for the air
to enter the formation, the air pressure nust be greater than the sum of the
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wat er pressure (i.e., hydrostatic pressure) and the air entry pressure
(equations 2-1, 2-2, and 2-3).

(1) Once air has entered the formation, its nmovenent is dictated by the
pressure differential between the air and water, as long as the air remains
directly connected by continuous channels to the sparge well. |In the event
t he channel "snaps off", the resulting air bubble may travel through the
formation, driven by the density difference between the air and water phases
(buoyancy), but only in very coarse-grained sediments (see paragraph 2-7b).

O herwi se, flow occurs in the formof finger-like channels which remain in

pl ace as long as the air pressure is maintained. Qualitative observations
indicate that an increase in air pressure causes an increase in channel size
and the formation of additional channels (Ahlfeld et al. 1994). This is an

i mportant consideration for design. Recall that Mhr's (1995) conceptua

nodel suggests that channel |ocation and density (i.e., nunmber of channels per
unit cross section) have a profound effect on both hydrocarbon renoval and
oxygen transfer rates.

(2) The stratigraphy governs the air channel distribution. Channe
densities tend to be Iower for stratified sedinents, due primarily to the
| ateral dispersion of air confined by overlying | ow perneability zones. An
extreme exanple is the formation of air pockets or "air ponding" that may
extend in lateral directions indefinitely beneath a confining | ayer unless an
exit point such as a well screen is encountered (Figure 5-1) (Johnson et al
1993; Baker et al. 1995). Based on the di scussion above, mcro- (i.e., pore-
scal e) and macro-scale (i.e., stratigraphic) heterogeneities have a profound
i nfl uence on air channel location and density. During the conceptual design
it is inportant to reconsider these issues. For exanple, air channels which
are spaced at significant distances fromone another are not expected to
provi de adequate mass transfer and renmoval. |In other words, for air sparging
to be successful, it must produce enough air saturation with a small enough
channel size so that there is sufficient interfacial area for mass transfer to
occur (Figure 2-5) (Mohr 1995). Gven low air saturation in small radius

channels, there is very little interfacial area, and mass transfer will be
very low. Wth high air saturation and | arge radius channels, the interfacia
area is also very small, and diffusion still must occur over |ong distances.

Only under high air saturation and small channel radius is the interfacia
area sufficient and the diffusion path | engths short enough for noderate mass
transfer rates to occur. Nomagraphs provi ded by Mhr (1995) suggest that
channel spacings of 0.1 to 1.0 cm may be necessary to achi eve reasonabl e rates
of mass transfer. An increase in the channel density (i.e., an even smaller
spaci ng between adj acent channels), will further enhance renmedi ation rates.
At sonme point, however, increased airflowwill tend to produce di m nishing
returns with respect to increased air saturation and channel density. This
opti mum nmi ght be able to be determ ned through neutron probe or ERT
measurenents, or pressure neasurenents bel ow the water table nmade at various
stages during a stepped-flow test (paragraph 4-3b(1)).

5-2
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Figure 5-1. Schematic drawing showing sparged air forming an
"air bubble" below a low permeability zone, and "short-circuiting”
through a monitoring well, thus bypassing the zone of

contamination.

(Johnson et al. 1993. Reprinted by permission of Ground Water
Monitoring & Remediation. Copyright 1995. All rights reserved.)
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c. Biodegradation.

(1) There have been a number of discussions in the literature about
whet her air sparging operates primarily through volatilization or
bi odegradati on. However, given the conceptual nopdel described in Chapter 2,
it is apparent that air sparging operates in both nodes. Paragraphs 2-8b and
3-3c discuss many of the considerations that underlie biosparging design. In
some instances, such as those sites inpacted by chlorinated solvents, the
i ntroduction of oxygen in air may not be sufficient to stimulate
bi odegradati on of the target conpounds if they are not readily degradable
under aerobic conditions. Sone form of conditioned air may be needed to
pronmote in-situ biodegradation, or vapor-phase transport nay be the only
functioni ng renpval mechani sm

(2) VOCs such as TCE, chloroform cis- and trans- 1,2-dichloroethene,
and net hyl ene chl oride can be biologically co-oxidized during growmth on a
variety of substrates including nethane, propane, and toluene (Norris 1994).
Therefore, if the injected air can be conditioned with one or nore of these of
gases, the destruction of chlorinated VOCs may be acconpli shed through both
vol atilization and bi odegradati on (Lonbard et al. 1994).

5-3. Design Guidance - Subsurface. The nechanisns identified above provide

a "general" basis for advancing the design. The purpose of this section is to
provi de nore specific guidance for the subsurface design of |AS systens.

There are many subsurface features that nust be addressed during system design
which are critical conponents of an effective |AS system Systens shoul d be
designed to optinize volatilization and bi odegradati on processes and m ninize
adverse affects such as uncontrolled migration of vapors or groundwater. Key
features for design, along with typical ranges of values, are listed in Table
5-1. Each paraneter has either been previously quantified or will be

di scussed in this section.

a. Airflow Rates.

(1) The airflow rate should be as high as needed to achi eve an adequate
air channel density, but the injection pressure should not be excessive
because of the risk of causing lateral nobilization of contaninants off-site
or fugitive emni ssions to basenents, buried utilities, or the surface (Brown
1994). There is active debate over what range of airflow rates is appropriate
to consider during | AS system design. Wsconsin DNR (1993) recomrends airfl ow
rates of 0.08 to 0.4 nmf/mn (3 to 15 scfm per 1AS well, while the USEPA
(1995a) recomends airflowrates from0.08 to 0.67 n¥/mn (3 to 25 scfm. An
APl - sponsored survey of 39 | AS systems (Marley and Bruell 1995), however
reports airflowrates ranging from0.04 to 1.1 n¥/mn (1.3 to 40 scfm per
wel |, whil e another survey of 32 | AS systens (Bass and Brown 1996) reports
airflowrates from0.11 to 1.0 n¥/mn (4 to 35 scfnm) per well. Marley and
Bruel |l (1995) indicate that higher flow rates result in increased air channe
density and therefore nore effective mass transfer
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TABLE 5-1
Design Parameters for IAS Systems

Parameter Typical Range'
Well Diameter 2.5t010 cm (1 to 4 inches)
Well Screen Length 15 to 300 cm (0.5 to 10 ft)
Depth of Top of Well Screen Below Water Table 1.5to 6 m (5to 20 ft)
Air Sparging Flow Rate 0.04 to 1.1 m*/min (1.3 to 40 scfm)
Air Sparging Injection Overpressure’ 210120 kPa (0.3 to 18 psig)
IAS ZOI 1.5t0 7.5 m (5to 25 ft)
*Modified from Marley and Bruell 1995.
®Overpressure is injection pressure in excess of hydrostatic pressure, P,.
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(2) If capture of VOCs is required, SVE airflow rates nust be
sufficient to establish capture zones for the injected air. Marley and Bruel
(1995) report that nost practitioners ensure that the SVE airflowrate is at
| east twice the IAS airflowrate. Wsconsin DNR (1993) requires a m ni mum SVE
airflowrate of four tines the IAS airflow rate; however, at sites somewhat
renoved from buil dings or subsurface structures, such criteria may be
negl ect ed.

b. Well Spacing. Well spacing should be based on the ZzO, as discussed
in paragraph 2-8a. It is suggested that well spacing be based on maintaining
a mnimum 10% t hree-di mensi onal air saturation within the target contani nated
zone. The "radius of influence" has comonly been used to describe the effect
a sparge well has on the groundwater system Reported |AS radius of influence
val ues are displayed in Figure 5-2. This definition has often been anbi guous
in the context of air sparging, however, as it is a 2-dinmensional paraneter
applied to a 3-di nensional problem (Ahlfeld et al. 1994; Johnson et al. 1995).

c. Well Screen Length and Dept h.

(1) Well Screen Length. Although current research indicates that air
often escapes within a very short interval near the top of the well screen
screen |l ength may require some consideration. |In the unlikely event that air-
entry pressures dimnish with depth along the Iength of well screen to a
greater degree than hydrostatic pressures increase over the sane depth, sone
fraction of the air may exit at deeper depths than woul d be expected. The
result may be an increase in the ZO, unless air is confined within a few
strata.

(2) Well Screen Depth.

(a) Well screen depth for the purposes of |AS is defined as the
di stance between the phreatic surface and the top of well screen. |AS optinal
i njection depths have not been subjected to rigorous evaluation. Typical top
of screen depths used are between 1.5 and 4.6 m (5 and 15 ft) bel ow the
phreatic surface. Lundegard and Anderson (1996) determ ned through nunerica
nodel | i ng that other factors being equal (e.g., no change in anisotropy), the
depth of injection does not significantly change the size of the ZzO of the
air plunme under steady state conditions. |Increased injection depth may
i ncrease the ZO under transient conditions. The shallowest injection depth
eval uated by Lundegard and Anderson was 3 m bel ow the phreatic surface.

(b) When considering the depth of the I AS injection point, it should be
noted that with increasing depth there is a trade off between the potentia
size of the ZzO and the possibility of flow diversion due to the stratigraphy.
Slight changes in the depth of injection could cause a drastic change in the
orientation and geonetry of the air pathways and a related change in the zZO.

(c) The primary consideration for well screen depth and placenment is to
mat ch the three-di mensi onal contami nant distribution within the saturated zone
with the three-dinensional air distribution. |In cases where dissolved
concentrations occur at significant depths below the water table surface,
consi deration shoul d be given to focusing air injection at deeper depths

5-6
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Figure 5-2. Reported in situ air sparging radius of influence vs. number
of sites (after Marley and Bruell 1995)
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within the saturated zone. As a result, typical top of screen depths for
pilot tests may in certain cases extend to depths as deep as 15 m (50 ft)
bel ow t he seasonal |ow water table (Marley and Bruell 1995). Bear in mnd
that wells screened at greater depths below the water table will have
conmensur ately hi gher pressure requirenents, which will affect aboveground
equi pment costs.

(d) Where LNAPL exists, consideration should be given to application of
| AS at shal | ower depths bel ow the water table surface. Typical top of screen
depths for pilot tests are 1.5 to 6 m(5 to 20 ft) bel ow the seasonal |ow
water table. Note the reference nade to the seasonal |ow water table;
otherwi se, the IAS well may be only seasonally useful

d. Injection and Overburden Pressures.

(1) An overpressure is an injection pressure in excess of what is
needed to overcone the hydrostatic pressure inposed by the columm of standing
water within the sparge well (Marley and Bruell 1995). Sone overpressure is
required to overcone the air-entry pressure needed to displace water from
within the well screen and adjacent soils (paragraph 2-6). It is inmportant
t hat excessive overpressurization be avoided, however, so that aquifer
fracturing and systemfailure do not occur. As a general guideline, nmaxinmm
i njection pressures should consider the weight of the soil and fluid col ums
above the sparge zone, as well as a design safety factor. The follow ng
equati ons may be used to estimate the pressure exerted by the weight of the
soil and water columm overlying an | AS well screen at a given depth, with ¢
being the soil porosity and s.g. being specific gravity:

Pressure g coum = (d€Pth (o el screen ) (5.9 it ) (1 - @) (9.8 kN n?) (5-1)
E;\fﬁ%wemr corum = (dEPLN (o5 it screen = A€PLN warer tavie ) (S- 9. waer) (9) (9.8 (5-2)
total overburden pressure = pressure ., coum * PresSSUre .aer colum (5-3)
max. injection pressure = (0.6 to 0.8) (total overburden pressure) (5-4)

(with a mnimmsafety factor of 35 kPa or 5 psig)

(2) If porosity has not been nmeasured, it is strongly recomended that
a conservative porosity of 40 to 50 percent be used in the above cal cul ati ons
(Wsconsin DNR 1993, 1995). It should be noted that although fracturing due
to overpressurization may cause additional nacro-channels to develop and air
flow rates to increase, the air/hydrocarbon mass transfer rates may actually
decrease because of smaller interfacial (air-water) surface area.

(3) The following sinplistic exanple is provided to illustrate

estimation of the overburden pressure and maxi numinjection pressure
(Wsconsin DNR 1993; Marley and Bruell 1995):

5-8
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(a) Assunptions:

° soi|l specific gravity of 2.7, and groundwater specific gravity of
1.0;

° wat er table depth of 5.5 m bel ow ground surface (bgs);

° | AS well screened from9.1 to 10.7 m bgs

° porosity of 40 percent (0.40); and

° soi | s are honogeneous, isotropic and unconsol i dated.

(b) Enploying equations 5-1, 5-2, and 5-3, the overlying pressure
exerted by the weight of the soil colum is estimated as foll ows:

Pressureg coum = VWight of soil per square meter =(9.1m)(2.7)(1-0.4)(9.8
kKN nf) =144kN n?

Pressur e e cooum = Wi ght of water per square nmeter =(9.1m5.5m (0.4)(9.8
kKN nf) =14 kN n?

Total weight of soil and water per square nmeter = 144 + 14 =158 kN nt

Total overburden pressure = (158 kN/ nf) (1 kPa/ kN n¥) = 158 kPa at 9.1 m (23
psig at 30 ft bgs).

(c) In this exanple, injection pressures greater than 158 kPa (23 psig)
coul d cause system probl ens and secondary pernmeability channels to devel op
Therefore, using a maxi muminjection pressure of 60 percent of the overlying
pressure (i.e., a conservative safety factor of 40 percent), one arrives at a
maxi mum i nj ection pressure of 95 kPa or 14 psig for this exanple. Designers
nmust remenber that each site has specific conditions and requirenments, should
use all available information when perform ng these cal cul ati ons (such as
wat er table fluctuation data), and shoul d eval uate additional geotechnica
information if avail able.

(4) Taking both the calcul ated pressure data and the pilot test data
into consideration, the designer can calculate the pressure necessary to
deliver the desired airflow rate under all seasonal operating conditions.

Pr of essi onal judgenent is required to deternine design pressures and fl ow

rates for each AS well, and to bal ance flows anong wells in a well field. In
the final analysis, balancing flows will depend on factoring in system
noni tori ng data obtai ned during operation (see Chapter 6). |If an airflow rate

of approximately 0.01 n¥/ min (0.4 scfm per well cannot be maintained, the
soil permeability may be too |l ow and | AS may not be appropriate for the site.

e. Depth to Groundwater and Seasonal Variations. The depth to water
and tenporal variations in the piezonmetric surface should be eval uated prior
to design. This information is necessary to assure proper screen placenent
and conpressor selection, since the size of the conpressor is largely
dependent on the hydrostatic pressure associated with the standi ng water
colum. It may be necessary to conplete borings with vertically-discrete wel
screen clusters (i.e., with two screen depths) for sites with significant
fluctuations in seasonal groundwater el evation

5-9
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f. Well Field Design.

(1) General. The nunber and placenment of air injection wells should be
chosen to maxim ze the air-water interfacial area within the zone of
contam nation. Well placement is derived fromthe anticipated ZO determ ned
froma site-specific pilot test. ZO detern nations have been previously
summarized in Table 4-1. Well placenment is also a function of water table
depth and soil conditions (i.e., heterogeneity, classification, etc.). A
typical site plan is shown as Figure 5-3.

(2) System Configurations. |AS systems may be used for both source
area treatnment and contam nant plume control. The distribution and
configuration of wells used for these purposes varies according to site
constraints.

(a) Exanples of | AS system configurations include:

° a linear orientation of wells perpendicular to groundwater flow
direction (e.g., a sparging curtain);

° nested wells (1 AS and SVE at different depths of the sane
borehol e) distributed throughout a plume or source areas,;

° encapsul ati on of the contami nant plume (i.e., surrounding the
plume with I AS wells); and,

° hori zontal | AS wells.

(b) When using sparge curtains, care nmust be taken in both the design
and operation to ensure that sufficient contact is achieved between the
sparged air and the contam nated groundwat er plune passing through the
curtain. To the extent that air channels cause a decrease in hydraulic
conductivity and an increase in upgradient head, a sparge curtain may result
in contam nated groundwater mgration around the curtain. The |AS wel
networ k configuration and node of operation should account for this
possibility (see discussion of pulsing, paragraph 6-6b). Sinilarly,
encapsul ati on systenms nmust be designated and operated to account for transient
groundwat er noundi ng which will occur with the injection of sparged air.

(c) For some applications, horizontal wells can be extrenely useful
Hori zontal wells or sparging trenches have been used at sites with shall ow
aqui fers, long, thin contam nant plunes, and |linited-access plunme areas such
as under buildings or roads. Typically, fewer horizontal wells are needed but
the installation costs per well are significantly higher. Furthernore, it may
not be possible to prevent all the airflow fromoccurring at one portion of
the horizontal well screen, although some notable efforts have been made (Wade
1996). Installing a series of shorter, segmented well screens, each with its
own air delivery tube and separated by grouted sections, nay be necessary, but
is apt to be expensive. Construction of horizontal IAS wells is addressed in
par agraph 5-4c, as well as in USEPA (1994) and Larson (1996).

(d) If the well configuration selected only addresses a portion of the
pl ume, groundwater extraction may be required to control lateral nmigration
Conversely, if IAS wells extend to the perineter of the contam nant plunme and
therefore contain contami nant nigration, groundwater extraction wells may not
be necessary. The system desi gner should conpletely understand site

5-10
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conditions and choose a configuration which will effectively acconplish site-
specific treatnent goals.

5-4. Subsurface Construction. During | AS system operation, |latera

di stribution of dissolved contam nants in the saturated zone may increase due
to horizontal vapor nmovenent (Brown and Fraxedas 1991) and induction of new
groundwat er fl ow patterns (Marley and Bruell 1995). To account for this
potential, monitoring wells and air sparging wells should be placed near the
peri meter of the contaminated zones. Alternatively, the well system design
and pi ping | ayout should be prepared for the possibility of future expansion
shoul d evi dence of plune spreading arise, with capped tees to provide the
capability of adding peripheral wells, if necessary. Prior to finalizing the
wel | layout, care should be taken to locate existing utilities. [|AS wells,
utilities, and appurtenances should be rel ocated as necessary. Site access,

i ncludi ng considerations for support facilities, storage areas and parKking,
should al so be identified to prevent the potential release or migration of
contam nants by installation equi pment during construction (e.g., air-rotary
drilling mght push vapors into a nearby basenent).

a. Vertical Sparging Wells.

(1) Casing. New polyvinyl chloride (PVC), 50 nm (2 inches) in
di ameter, is normally used for sparging well casing (Figure 5-4). Larger
di aneters may be needed to increase flow capacity, but require |arger
borehol es. Assess pressure drop inside well casing and screen di aneters based
on the pneunatic anal ysis procedures used for piping. Oher materials may be
specified if air amendnents or site contami nants, at expected concentrations,
are likely to be damaging to PVC. Materials with appropriate physica
properties and chenical resistance may be used in place of PVC where
econom cal. Use heat-resistant materials if thernal enhancements may be
applied at the site. The casing nust be strong enough to resist the expected
air and grout pressures.

(2) Screen. Well screen is usually PVCwith slotted or continuous wrap
openi ngs. Continuous-wap screen is strongly preferred because the increased
open area reduces the pressure drop across the screen and therefore reduces
energy costs for the bl ower.

(3) Filter Pack. Choose filter pack material according to nethods
outlined in a text such as Driscoll (1986).

(4) Seal and Grout. A well seal is necessary to prevent entry of grout
into the filter pack and well screen. Unanended sodium bentonite, as pellets,
granul es, or a high-solids bentonite grout, is normally specified for the sea
material. A cenent grout is preferred to fill the annulus above the seal to
the ground surface because it resists desiccation cracking. The mxture of
t he grout should be specified and is normally one 42.6-kg (94-1b) bag of
cenent, (optionally with up to 2.25 kg (5 I b) of bentonite powder to further
resist cracking), with less than 18 liters (5 gallons) of clean water.

Ref erence ASTM C 150 in the specification as appropriate.

(5) End Caps/Centralizers. Flush-threaded end caps, consistent with
the casing and screen in size and material, should be specified. Centralizers

5-12
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center the well in the borehole and nust be a size appropriate for the casing
and borehol e.

(6) Drilling Methods and Borehol e Di mensions. There are many net hods
for drilling air sparging wells. Avoid nethods that result in significant
formati on damage that nmay be difficult to overcone by devel opnent. Require

sampling of soils at regular intervals, at |east every 1.5 nmeters, above the
wat er table; and continuously below the water table. Materials encountered
shoul d be described according to a standard such as ASTM D 2488. Normally,
the diameter of the borehole is at |east 150 nm (6 in) greater than the

di ameter of the casing and screen to allow placenment of the filter pack. The
depth of the borehole should be based on the planned screen depth.

(7) Well Placenent and Wl |l head Conpletion. Wells should be
constructed as any other water well. Refer to EM 1110-1-4000 for typica
installation techniques and requirenents. The conpl etion of the well head
will depend on the other features of the design, such as the piping and
instrumentation requirenents. |If there is any standing water in the wel
above the bentonite seal, grout needs to be tremied into place to displace
that water. Fit each wellhead with both a pressure gauge and a shutoff val ve,
and possibly a flow neasuring device. Each well requires proper devel opnent
as described in Driscoll (1986) or EPA (1975). Establish the horizonta
coordi nates of the well by survey. Survey the elevation of the top of the
casing. The accuracy of the surveys depends on the project needs, but
generally is to the nearest 0.3 neter (1 foot) for the horizontal coordinates
and the nearest 0.003 neter (0.01 foot) for elevation.

b. Soil Gas/Pressure Mnitoring Points.

(1) well Materials. Generally, the sane materials can be used for the
noni toring points as for the extraction wells; however, there may be a
difference in size. Generally, 20- to 50-mm (3/4- to 2-inch) diameter PVC
pipe is used. Flush-threaded pipe is preferred, but for smaller dianeters,
coupl i ngs may be needed. Either slotted or continuous-wap screen can be
specified. Slotted pipe is adequate for nmonitoring points. Oher screen
types can be used. Options include slotted drive points and porous points.
Keep screen length to a mnimumto avoid air short circuiting long vertica
di stances through the screened interval. Filter pack material, if required,
shoul d be appropriately sized for the screen slot wdth.

(2) Installation. Although a hollowstemauger is still the primary
means of installing nmonitoring points, direct-push nmethods can al so be used to
pl ace slotted drive points or other pressure/soil gas probes at specific
depths. Sanple the materials encountered for |oggi ng purposes and physica
and chenical testing. The borehol e diameter should be approximtely 101 mm (4
inches) larger than the screen/casing to allow placenent of the filter pack
Thi s obviously would not apply to points placed by direct-push nethods.

Moni toring point depth selection is entirely site dependent, but nonitoring of
multiple depths within the zone to be nonitored is recomrended. Casing,
screen and annular material is normally placed by methods sinmilar to those
used to install sparging wells; however, direct-push techniques are rapid
alternatives for placing nonitoring points to the desired depths. Actua
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means of placenment is dependent on the system naterials used, and site
geol ogy.

(3) Surface Conpletion. Conplete the nonitoring points with a suitable
bar bed/ val ved sanpling port or septum attached by threaded connection to an
appropriate end cap. Attach the cap to the top of the casing by an airtight
connection. The points can be set above grade with suitable protection or
bel ow grade, typically in a flush-nount val ve box. Survey each nonitoring
point to same accuracy as the air sparging wells.

c. Horizontal Wells. Horizontal wells can be used for sparging
provi ded adequate steps are taken to assure uniformair delivery. Pay carefu
attention to the vertical well alignment to avoid preferential air injection
at high spots (which have | ower hydrostatic pressures) in the screen. Avoid
using drain pipe wapped with geotextile or other filter-like material because
of the potential for fine material to plug the openings. Perforated piping is
nore difficult to devel op and rehabilitate than continuous slot screen
Prepacked wel | continuous-slot screens have been successfully used in sparging
applications. There are porous materials, including porous sintered
pol yet hyl ene, that have al so been used very successfully as screen and filter
pack in horizontal wells. Refer to USEPA (1994) for additional design
gui dance.

d. Sparge Trenches. Sparging trenches can be used effectively at sites
wi th shal | ow contam nated groundwater or as the treatnent gate in a funnel and
gate system The placenent of a sparging trench can be acconplished by
several methods including normal excavation or trenching machines (which
excavate and place pipe and filter pack in one pass). Figure 5-5 illustrates
a typical sparging trench

(1) Construction Materials. Although PVC casing is comonly used,
flexible or rigid polyethylene pipe may be nore efficient for certain
excavation methods such as trenching machines. The pipe nust resist the
crushing pressures of the backfill and conpaction equi prment. Screen can
consi st of slotted pipe, continuous slot screen, or porous material. The
gui dance for specifying filter pack in vertical sparging wells may be applied
for trenches, but somewhat coarser material may be needed for a secure bedding
and cover for the pipe and screen. For treatment gates, use uniform coarse
mat eri al which has typical pore sizes larger than 2 nm This results in
bubbl e flow, rather than channel flow and hi gher nmass transfer efficiency.
Coarse material (uniformcoarse sand or gravel) also provides a high hydraulic
conductivity during sparging and assures adequate flow capacity for a
treatment gate. Native material may be used as backfill above the filter pack
in an excavated sparging trench. Coarse filter pack material may extend into
the unsaturated zone especially if there is an overlying SVE system

(2) Excavation and Placerment Methods. Methods used to install sparging
trenches include many standard earth-excavati ng equi pnent (e.g., backhoe) and
trenching machines. Gven this wide variety, it may be desirable to specify
only the pipe, screen, pack materials, and an ultimate pipe alignment and
depth. The trenching techni que used by the contractor mnust provide an
adequate filter placenment around the collector pipe. Dewatering or shoring
will be required in nost cases. Conpliance with Cccupation Safety and Health
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Figure 5-5. Typical horizontal IAS well design
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Admi ni stration and USACE safety requirenents is mandatory. Piping and screen
pl acenent is very simlar to placenent of piping for underground utilities and
| each fields. Refer to ASTM F481

5-5. Mani fol d and I nstrunentation Design.

a. GCeneral

(1) Figure 5-6 is a schematic diagramthat includes a typical |IAS
pi pi ng and i nstrumentation di agram

(a) 1AS manifold conponents conmonly include:

pressure, flow, and tenperature gauges,

pressure relief valve or bypass |ine,

excess air bleed val ves

throttle val ves,

mani f ol d pi pi ng or hose,

check val ves, and

optionally, solenoid valves and sanple ports (to enable
groundwat er sanmpling to check for rebound at later tines).

(b) Each of these conponents is discussed below. The piping system can
be designed for installation either above or bel ow the ground surface,
depending on the traffic requirements of the area and the need for adequate
protection agai nst frost.

(2) Table 5-2 provides an exanple of the control |ogic that night be
used with the system shown in Figure 5-6. When designing an | AS system site
specific factors dictate the types of control features and the degree of
system automation. Systens that have a full-time operator are nonitored and
controlled differently than rennote systems that only get infrequent O&M
visits. Table 5-2 references a systemcontroller with autodialer that is used
to relay systemdata to the operator, such as abnormally high pressure in the
sparge mani fold indicating bl ockage in the piping. Developnent of contro
logic as indicated in this table is required to conplete an | AS design

b. Design and Installation of the | AS Manifold. Beginning at the
outlet of the air supply source (typically a conpressor, blower or gas
cylinder), conmpatible materials are connected to supply headers for the |IAS
well's. Typical manifold construction materials include metal piping, rubber
hose or ABS pipe. PVC pipe, although in common use, is not recomended by
manuf acturers for aboveground air pressure service. PVC pipe is acceptable
for below ground installation as long as it is strong enough to resist nmaxinmm
air pressures. Pipe sizes are flow and pressure dependent; see EM 1110-1-4001
for pipe sizing.
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motor

operating, de-energize IAS
compressor motor and catalytic
oxidizer (unless catalytic oxidizer has
an internal flow sensor to perform
identical function)

15 Sep 97
TABLE 5-2
Instrumentation and Control Logic
for Example IAS and SVE System
| 7'Mot61", 'Vaive_ : SN SR _ I
or Switch _ Control Logic ~ Signal to Autodialer

SVE vacuum blower | If vacuum blower motor ceases If vacuum blower motor stops

operating, notify operator via
autodialer

Catalytic oxidizer
thermal safety switch

If catalytic oxidizers units stop, de-
energize SVE blower

If catalytic oxidizer stops operating,
notify operator via autodialer

IAS compressor
motor

none

If IAS compressor motor stops
operating, notify operator via
autodialer

Low pressure switch
on IAS compressor
outlet

If pressure is too low (indicating a
piping leak or that the pressure relief
valve has released), de-energize IAS
compressor motor

If pressure is low {indicating no or
low flow), notify operator via
autodialer

High water level
switch in water
knock-out tank

If high water level switch makes
contact, de-energize SVE blower
motor

If water level is high, notify
operator via autodialer

Low vacuum (high
pressure) switch prior
to SVE blower

If vacuum is low (indicating leak in
SVE piping), de-energize SVE blower
motor

If low vacuum (high pressure)
switch is triggered, notify operator
via autodialer

Low pressure switch
after SVE blower

If pressure is low (indicating leak in
piping to catalytic oxidizer),
de-energize SVE blower motor

If low pressure switch is triggered,
notify operator via autodialer

Vacuum relief valve Allows ambient air to be drawn in if None
prior to SVE blower clogging in SVE occurs

Pressure relief valve | Releases compressed air if IAS lines | None
on outlet of IAS become clogged

compressor .
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(1) Prior to routing to individual | AS well supply, permanent pressure
and tenperature gauges and switches, along with an air flow nmeter, are
installed for quick visual measurenents during routine system checks and
potentially for interlock connection to the electrical supply systemin case
of system non-confornmances to specified operating conditions. These permanent
measur ement devi ces should be installed in accordance with the manufacturer's
recomendati ons for |length of unobstructed flow, etc. A pressure relief valve
(manual or automatic) or system bypass |ine should be installed to exhaust
excess pressure fromthe manifold. This will prevent excessive pressure which
coul d cause damage to the manifold or aquifer. Exhaust air can be directed to
t he atnosphere or to the air source intake. A silencer for the blower or
conpressor exhaust should be considered based on site conditions and air
vel ocities.

(2) A header fromthe manifold to each well nust be designed (Figures
5-7 and 5-8). The designer nust evaluate all reasonable construction options
for piping materials and the associated costs to determ ne the nost effective
air delivery systemto each IAS well. Once the piping materials are selected,
each well should have a throttle valve, check valve, tenmporary ports for flow,
pressure and tenperature measurenments, groundwater sanpling port and
optionally, a solenoid valve. The throttle valve is used for air flow
adjustrment or well isolation fromthe manifold system Typical throttle
val ves used are gate, globe, butterfly or ball valves. Check valves are
installed on each well to prevent tenporary back pressure in the screened
interval of the aquifer fromforcing air and water up into the manifold system
during system shutdowns (Marley and Bruell 1995). |If a check valve is not
installed on each well, a single check valve must be | ocated on the nanifold
line between the permanent instrumentation and the gas pressure source.

(3) One or nore ports that can be used for tenporary measurenments of
air flow, pressure and tenperature are recomended to perform system
optim zation adjustments during operations. Solenoid valves are optiona
features and their use is dictated by the system operating and contro
strategy. |If pulsed operation of the systemis anticipated for nore effective
renmedi ati on or reduced energy consunption (discussed in nore detail in
par agr aph 6-6b), sol enoid val ves nust be installed for ease of individual wel
activation and deactivation. Timers, either anal og or programmble |ogic
control (PLC), can be enployed to control solenoid valves as desired. It
shoul d be noted that check and sol enoid valves may significantly restrict air
flow or generate significant |line pressure drops. The pressure drop across
t hese appurtenances, if they are used, nust be accounted for when sizing
mani fol d piping. Also, all manifold instrunmentation should be constructed
wi t h qui ck-connect couplings for ease of maintenance and renoval .

(4) The manifold which delivers supplied air to each AS well is often
i nstall ed underground bel ow the site-specific frost line. Aboveground
installation designs should be reviewed for itens such as shock | oad and
potential vehicul ar damage. All construction including excavation, trench
bottom preparati on and backfilling/conpaction should be perforned in
accordance with industry accepted standards. The manifold sizing is site
speci fic and dependent on factors such as air flow rate, pressure |osses,
material costs and line distribution patterns. As stated above, although
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Air and waterproof
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Ground surface

l |~ Temporary port for flow
I 7] meter and thermometer
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L — Bentonite seal, 15 to 80 ¢cm (0.5 to 2 feet)

| — Filterpack extends 30 or 80 cm (1 or 2 feet)
above screen

| Well screen: length varies - approx. 60 cm (2 feet)

Figure 5-7. Typicalvair sparging well design and wellhead completion (Wisconsin DNR 1993)
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of ten consi dered convenient for short-termtests, PVCis neither intended nor
recormended for aboveground air pressure service. All piping should be
installed in accordance with the manufacturer's reconrendations. |f rubber
hose or ABS pipe is used, the installation should include tracing tape or

ot her appropriate material that can be detected by a nmetal detector after
conpletion of the installation for future location. Once the manifold has
been conpleted to each well, high pressure air hose or hard pipe, acconpanied
wi th couplings and plugs, can be used to secure the manifold to the wel
header (Marley and Bruell 1995). Care nust be taken to ensure that the
pressure drop through this connection is accounted for by using manufacturer
recormmended friction [ oss factors when cal cul ati ng the nini mum pi pe di aneter.

5-6. Air Delivery Equi pnent Design

a. GCeneral. Air delivery sources are designed based on system
requi rements devel oped frompilot tests, and based on design cal cul ati ons of
requi red mni num pressures due to hydrostatic head, air-entry pressure head,
and manifold | osses. Upon conpletion of the total system design cal cul ations
and review of pilot test data, the optimm pressure and flow for each well is
determ ned for the site-specific geologic and physical domain. The air supply
is typically delivered by either an air conpressor or bl ower.

b. Unit Selection.

(1) The first consideration when begi nning cal cul ations for operating
pressures is to avoi d excessive pressures which could cause system
mal functi ons and/or the creation of secondary perneability in the aquifer. To
begin estimation of m nimum and maxi num air pressures required for operation
t he desi gner should assunme that the pressure nust at |east equal the
hydrostatic pressure at the top of the well screen plus the air-entry pressure
required to overcone capillary forces. Calculating the hydrostatic pressure
further down on the well screen will be necessary if the designer wants to
t ake advantage of nore of the screen, air entry pressures notw thstanding.
For cal culating the m ni mumrequired system operating pressure, the designer
shoul d use the conmon conversion (Eq. 2-2) that each foot bel ow the water
table equals 0.43 psig of hydrostatic pressure (or equivalently, that each
meter equals 9.74 kPa), and add the estimated air-entry pressure, yielding the
m ni mum oper ati onal pressure required. The designer should be careful to
consi der water table fluctuations when estimating the top of screen depth
bel ow t he water table.

(2) Table 5-3 summarizes the features of various types of air delivery
equi prent. \Wen selecting air delivery equipnment, the unit must be capabl e of
produci ng pressures sufficient to depress the water table in all IAS wells
bel ow the top of the screen and deliver the required air flow to each well
Addi ti onal considerations, such as expl osion-proof equipnment, silencers,
dryers, filters, and air coolers are discussed below. Comron air delivery
sources, along with a brief explanation of nechani cal and operationa
considerations and the interrelationship with the design variables, are listed
bel ow. The designer should select air delivery equi pment whose punp curves
indicate that the unit will operate efficiently within the design pressure and
flow ranges. As with any equi pment sel ection, the designer should contact the
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vendors or manufacturers and revi ew performance curves (i.e., blower curves)
prior to specification. All units should be rated for continuous duty.

(a) Reciprocating piston air conpressors. These units are used when
the application calls for high pressures (e.g., for an I AS well screened at
consi derabl e depth bel ow the water table); however, they generally deliver a
relatively lowflowrate. Only oil-less units should be specified to ensure
that lubrication oils are not injected into the subsurface if mechanica
failure occurs. These units are capabl e of producing substantial pressures
whi ch coul d cause manifold problens. Therefore, the designer should instal
an automatic pressure relief valve on the air conpressor outlet if this type
of unit is specified. Please note that reciprocating conpressors can be
expensi ve.

(b) Rotary screw air conmpressor. While providing a w der range of
capability (up to 1,100 kPa (160 psig) at noderate flow rates) for |AS
service, these units typically contain oil which could accidently be
di scharged into the subsurface. Therefore, a filter should be enployed to
ensure renmoval of any oil in the air conpressor outlet. These units are
acceptable for | AS service but may be nore expensive and require nore
mai nt enance than reciprocati ng conpressor units.

(c) Regenerative blowers. Regenerative blowers are used for typica
| ow pressure applications of up to 70 kPa (10 psig) (i.e., sites conducive to
air flow at |ow pressures). They are nore often used for creating high flows
at |l ow vacuuns for SVE applications than for IAS injection. There are severa
advant ages associated with using these units, including | ow capital cost, |ow
mai nt enance, and oil-free air delivery. |If higher pressures are required, a
mul ti-stage bl ower system nmay be used.

(d) Rotary lobe blowers. These units are typically capabl e of
produci ng up to 100 kPa (15 psig) service. The units may have an oil-filled
gear case and should use a filter for oil renoval as necessary. |f higher
pressures are required, a nulti-stage bl ower system may be used. Advantages
of this type of equi pment include | ow mai ntenance and flexibility of operating
pressure range by adjustment of belt drives to nodify the bl ower speed.

(e) Rotary vane conpressors. These conpressors are very often used for
| AS applications and are available in oil-less or lubricated nodels. They
devel op pressure by having sliding flat vanes in an eccentric-nounted rotor
that are flung outward agai nst the bore of the punp. Typical maxinumair
pressures are in a mediumrange of 100-135 kPa (15-20 psig). Wile different
size conpressors are available for a range of flows, the flow generated by a
specific unit does not vary greatly against varying pressure heads.

(f) Considerations common to all blowers. Air is usually supplied to

the specified conpressor or blower unit froman anbient air intake. 1t may be
necessary to install an inlet filter to renpve particulate matter based on the
| ocation of the intake. |I|f possible, the unit should be |ocated away from

possi bl e contami nant sources (including soil venting systens). Non-expl osion
proof equi prent may be used if the unit and appurtenances are located in a
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safe environment. Local electrical and building inspectors may require the
use of expl osion proof equipnment on a site specific basis.

(3) Conpression of air can generate a significant anount of noise and
heat. A silencer or appropriate noise controls should be considered for al
applications, especially in noise sensitive conditions. Excess noise can
typically be reduced to acceptable | evels through the proper application of
standard noi se reduction materials in equi pnent housing areas. Refer to EM
1110- 1- 4001 for further guidance. Additionally, as part of the system design
cal cul ati ons should be made to deternine anticipated system exhaust
tenperatures to ensure that discharge piping is able to withstand the
conpressi on di scharge tenperature and pressures. All discharge piping should
be properly anchored to overcone pressure forces generated fromthe unit. The
air injection discharge should have tenperature and pressure el enents and
swi tches which are interlocked into the electrical control panel for automatic
shut down when the pressure and/or tenperature exceeds safe operating criteria.
An aftercool er can be used to reduce the discharge tenperature to acceptable
levels prior to entry into manifold systens.

5-7. System Appurtenances.

a. Electrical Service. Planning for electrical service needs for the
| AS systemis required at the beginning of the design phase. Planning should
i ncl ude any future power needs that m ght be required. The design phil osophy
nmust enphasi ze technical requirements, safety, flexibility and accessibility
for operation and mai ntenance. Al electrical work nmust be perforned by
licensed contractors and in accordance with all applicable codes and
standards, including the National Electric Code and |ocal requirenments. Based
on the specified system considerations nmust be made for operational controls
and contingencies. Systemcontrols are site specific and may include itens
such as automatic shutdown devices if operational design exceedances are
encountered (i.e., tenmperature and pressure), progranmable |ogic control (PLC)
operation of solenoid valves during systemcycling, and system shutdown due to
hi gh water |evels in SVE knockout pots. Exterior warning |lights, alarns
and/ or autodialers may be part of the system controls.

b. Heaters. Heaters may be used to warminjected air delivered to the
I AS wells (Wsconsin DNR 1993). The heat added during conpression should be
sufficient to maintain the injection air tenperature above the natura
groundwat er tenperature. Additional heat may be required for | ow pressure
systens during winter operation, or in cases where significant manifold piping
is exposed to subfreezing conditions. The designer should determ ne whet her
direct-fired heaters, that inject air that is reduced in oxygen content, wll
have a negative effect on renediati on by bi odegradation

c. Injection of Gases other than Air. There are a variety of gases
other than air that can be introduced into the subsurface through the use of
an | AS system These ot her gases include enriched oxygen or ozone streans
instead of air to attenpt to achi eve higher dissolved oxygen concentrations.
(Note: The solubility of oxygen in groundwater in equilibriumwth
atnospheric air is approximately 10.1 ng/L at 15°C, while the theoretica
solubility of oxygen in groundwater in equilibriumwth pure oxygen is 48 ng/L
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at the sane tenperature. However, once the sum of the partial pressures of
all of the dissolved gases in groundwater exceeds the groundwater pressure,
gases tend to conme out of solution and form bubbles. Thus it is uncommon to
achi eve groundwat er DO concentrations significantly greater than 10 ng/L.) At
sites containing high concentrations of dissolved iron, consideration should
be given to the possibility that when delivering nore concentrated forns of
oxi dant, such as pure oxygen, faster precipitation or plugging of the soil may
occur. Also, since pure oxygen and ozone are highly reactive substances, the
design team nust ensure that all nechanical equi pnent and piping in direct
contact with the oxygen or ozone is specifically rated for use in this

envi ronnent .

(1) In addition to alternate el ectron acceptors, gases that pronote co-
nmet abol i ¢ bi orenedi ati on can be delivered by an in-situ sparging system As
descri bed previously, sonme aerobic bacteria can biodegrade chlorinated
sol vents such as TCE, DCE, and vinyl chloride if supplied with methane or
propane and oxygen. It has been denonstrated that biosparging with a m xture
of methane in air can pronote in-situ biodegradati on of these conpounds in
aqui fers that contain methanotropic bacteria (Hazen et al. 1994). \When
desi gning such a system it is critical that the designer ensure that the
concentration of nethane in air be less than the |ower explosive limt for
met hane (i.e., <5%.

(2) Delivery of gaseous nitrous oxide and/or triethyl phosphate into
groundwat er are exanpl es of applications of in-situ sparging technology with
gases other than air. Nitrous oxide and triethyl phosphate may be added to
the air supply of an I AS systemto provide nitrogen and phosphate,
respectively, to pronote biodegradation in saturated soils in which biologica
activity is naturally linmted by the anpbunt of avail able nitrogen and
phosphate (Hazen et al. 1994).

d. Buildings or Enclosures. Al air supply equi pment shoul d be
installed in an enclosure to protect the systemfrom weat her conditions. Such
an encl osure could be in the formof a roof or shed, provided NEMA 4
encl osures are specified for controls and notors. Judgenent nust be used to
account for the climate of the site. As previously discussed, significant
heat is generated fromthe conpression of air, and proper building design
shoul d i nclude ventilation which allows for cooling during the warner nonths
and heat containment during the colder nmonths. This proper ventilation may
elimnate the need for additional winterization nmeasures inside the enclosure.
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